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1"0362, respectively. The last is the highest observation (well authen- 
ticated) on record, with the exception of Captain Harrington's 1"0442 
to the southward of Australia. 

The paper concludes with the following short summary of results: 
In conclusion, the result of the whole inquiry serves to show that the 
ehie]'differenees in oceanic specific gravity arise from local or special 
circumstances. It is highin regions where evaporatien is rapid, as in 
the trade-winds, and low in those parts of the ocean where much rain 
falls. It is highest of all (on the average) in arms of the sea, such as 
the Red Sea, where there are no rivers and but little rain ; and lowest 
near the mouths of great rivers, such as the St. Lawrence or the Plate, 
or in seas like the Black Sea and the Baltic, where the accession of 
fresh water is great. It  is low also in high latitude in the vicinity of 
ice. The highest surface temperature anywhere recorded is 94 ° in 
the Red Sea near Aden. The highest surface temperatures recorded 
elsewhere* are 88 ° and 89 °. These have been found not unfrequently 
in the Indian Ocean near the Equator. Captain Maury speaks of a 
temperature of 95 ° as being not uncommon in the Red Sea, but there 
Is no record here of any temperature above 94 °. 

On some of the most Important Chemical Discoveries made within the 
last "Two Years. By Dr. F. CRACk: CALVERT, F.R.S., F.C.S. 

LECTURE I. 
Continued from page 202. 

From the London Journal of tile Society of Arts, No, 671, 

The next discovery to which I desire to draw your attention is still 
in its infancy ; but I am induced to refer to it from two considerations. 
The first, that it may render great service to society by enabling us 
to preserve the lives of many thousands of our fellow-creatures in our 
coal mines and other underground works, and, also, because it is a 
beautiful illustration of the amount of knowledge that a man requires 
at the present day either to understand or appreciate fully the dis- 
coveries of others, or to enable him to attempt any original invention of 
his own. Unless a person possesses the rudiments of the leading sci- 
ences of the day he will never be anything but an imitator, and will 
never succeed in improving the inventions already made. It is cer- 
tainly most interesting to witness how the most abstruse branches of 
science are brought to bear on arts and manufactures, and no better 
example can be given than the applieation of electricity under vari- 
ous forms to what is commonly called the telegraph. The invention 
which I am about to bring to year notice is due to M. Dumas, a young 
l~reneh eng.ineer, and to M. Brequet, of Paris, who is also practically 
connected wzth telegraphy. To enable these gentlemen to carry out 
their discovery they have had to study, and be perfectly acquainted 
with, the researches of many of the most eminent men that science has 
produced during the last half century. Thus they employ the gal- 
vanic battery which was discovered by Galvani, and perfected by many 
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philosophers, until brought at last to its present perfection. They 
use a mixture of bichromate of potash and sulphuric acid in a Bunsen 
battery. They have also had recourse to magneto-electricity, first 
discovered by Faraday, and brought to its present perfection by the 
researches of MM. Nobili, Mason, Becquerel, Joule, and others, and 
to enable them to construct their apparatus they have applied, with 
great ingenuity, the inductive coil, the result of many successive dis- 
coveries, and brought to great perfection by Ruhmkorff, the vibrating 
interrupter of Dancer, and also the condenser of Fiquier. Further, 
they must have had the knowledge of the stratified light and the ap- 
plication of it by Gassiot: the fluorescence of light by Stokes and 
Becquerel, and their applications to glass by Geissler. All these 
facts prove the correctness of my statement, how vast is the amount 
of knowledge required to make a little discovery. The apparatus in- 
vented by these gentlemen is portable, for a miner carries on his back 
the above-mentioned galvanic battery, and this generates the force 
required, which is multiplied, increased, and brought to light by the 
Ruhmkorff coil, which is also confined in the same leather case, occu- 
pying only six inches; the magneto-electricity passes through ~*ires 
covered by vulcanized india rubber, and these are in connexion with a 
thick glass tube, in which a vacuum has been made, and this contains 
a fluorescent tube of Geissler, which becomes luminous or fluorescent 
by the passage of the electricity through it, generated by the coil and 
the battery. 

Although both light and electricity are most interesting subjects, 
and could*well be made the subject of many lectures, still I am bound 
to leave them on one side, and draw your attention to other facts de- 
Serving of notice. It is well known to all chemists and philosophers 
thatmatter  has a great tendency to assume a geometrical or crystal- 
line form, and that whenever the atoms of matter are sufficiently free 
for molecular attraction to have its full influences, attraction between 
the atoms of matter takes place, and gives birth to well defined crys- 
tals. The following examples can be cited: The slow condensation 
of the vapor of iodine, which gives rise to well defined crystals, as 
well as those of camphor and other volatile bodies. When sulphur, 
bismuth, and other substances are melted, and allowed to cool slowlyt: 
and the excess of the fluid remaining among the crystals is poured off~ 
well defined crystals are found to exist in the mass, which apparently 
~vould have disappeared had not the excess of fluids been poured off, 
for in this case the molecules of the remaining fluid mass would have 
solidified among the crystals, and would have prevented the observer 
from seeing that the molecules when freed in the fused mass had as- 
sumed a crystalline form. The tendency of molecules ta assume a~ 
geometrical form presents in many instances curious phenomena. Thus, 
for example, a vessel may contain acetic and carbolic acids ; and i f ,  
say at a temperature of 40 ° or 50 °, a crystal of either of those sub- 
stances is placed in contact with its own fluid, the entire bulk of fluid 
passes, in a few seconds into a solid crystalline mass. The manifes- 
tation of that force is also beautifully illustrated in the following in- 
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stance : If  a tin plate be heated to a moderate temperature, and a drop 
of water be allowed to fall on its surface, and the plate bedipped for 
a few minutes into weak muriatic acid, it will be observed that the 
whole surface of the plate is affected, and that where the water fell it 
has assumed a most beautifully waved and irridescent surface. I f  
this surface be examined under the microscope it will be found that 
under the influence of the vibrations generated by the cold fluid fall- 
ing upon the heated plate, the mass of molecules have passed from 
their amorphous condition to that of a crystallized one. We all know 
this alteration in the tin-plate surface was particularly applied many 
years ago to produce variegated surfaces on our tea trays and other 
similar domestic vessels. It should also be stated that this effect was 
greatly enhanced by the skilful application of colored varnishes, which 
increased the value of the mercantile article. This discovery, which 
is due to an eminent chemist of the name of Prout, clearly proves, as 
those before cited, the power which matter has to assume a crystalline 
form. I cannot, however, refrain from adding the following instanees~ 
in which the mere vibration of particles of matter is sufficient to 
change amorphous bodies into crystalline ones. The first is that 
which often takes place in the iron used on railways. The most 
striking example is that of the iron links used to unite wagons whero 
it is found that the fibrous tenacious link made of malleable iron is 
transformed into a crystallized brittle link by the constant vibration 
it is subjected to by railway traffic. Another example is that shown 
by the peculiar action exercised by intense cold on the molecular state 
of iron, as shown by the brittleness of the metal in l~t~ssia and other 
cold climates ; this was the case in December, 1859, in England, when, 
as will be remembered with regret, many railway accidents occurred, 
owing to the rails becoming crystallized and brittle. 

The power which molecules have to assume a crystalline form has 
recently been the study of M. F. Kulhmann, an eminent chemist of 
Lisle, and he has given to that force the name "crystallogenic." I 
shall endeavor to lay before you a short epitome of his researches, 
which are not only interesting in a scientific point of view, but also 
in consequence of the mode in which he has applied it in connexion 
with arts and manufactures ; and those who take an especial interest 
in the matter will read with pleasure his researches in the Comptes 
•endus de l'Aead~mie des Sciences de Paris. 5I. Kulhmann, having 
mixed a certain class of substances which crystallized with facility, 
such as mannite, sulphate of zinc, iron, copper, with a thick solution 
of gum, or any other substances interfering with the free crystalliza- 
tion of these substances, and having spread the mixtures on glass, he 
found, by exposing such prepared plates to the atmosphere, that gra- 
dually the water would evaporate, leaving a dry mass, in which could 
be observed most beautiful arborizations. Each of the solutions will 
produce a well defined design which is not always identical, although 
operating under the same circumstances. Still they assume very 
similar forms, being in some instances that of stars, and in others 
that of leaves and wreaths. These modifications are obtained by tho 
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strength of the solution, the nature of the salt, and the mode of pre- 
paration. Kulhmann further observed, that if amorphous substances, 
such as magnesia and sesquioxide of iron, or chromium, be mixed with 
bodies susceptible of crystallization, and these added to a gummy fluid, 
the amorphous particles are drawn into the crystallizing substances 
and follow the outlines ; and if these are produced on surfaces, such 
as glass or porcelain, and heat applied, the gummy matter will be de- 
stroyed or volatilized, and the crystalline medium and the amorphous 
substances become incorporated and fixed in the porcelain, reproducing 
on its surface a erystallogenic design. These researches which I have 
the pleasure to lay before you will show you the probability of carry- 
ing out these results to a s'~tisfaetory issue. Of course, the glass or 
porcelain manufacturer will easily understand that he will have to use 
borax or phosphate of soda or other flux, as a crystallizing medium, 
if he wants to produce in his art the results I have stated. M. Kulh- 
mann has applied his crystallogenie process with great success to pho- 
tography, and also to the art of engraving metals. As the latter may 
have some interest, I will give you an outline of his process. It  con- 
sists in producing a erystallogenic design on the surface of an iron or 
copper plate, and then applying on the so prepared surface--say a 
sheet of lead or copper--and submitting them to high pressure when 
the design would be impressed upon the plate. The embossed plates, 
by being placed in a prepared solution, and in connexion with a gal- 
vanic current, will easily give birth to a fac-simile in relief, which can 
be used as a printing surt:ace. It is with pleasure that I am able to 
state that thou.gh I part with these interesting researches for the pre- 
sent, I shall have the satisfaction of referring to them again in a sub- 
sequent part of this course of lectures, when I shall speak of some re- 
searches of this gentleman which have a more immediate bearing on 
the progress of science. 

It has been for a long time a disputed question whether the stained 
windows we all admire in old cathedrals could be restored in such a 
way as to resume the brilliancy they had at the time they were placed 
there by the artists. At all events there is now no doubt that this 
can be effected by the process discovered by my eminent master, M. 
E. Chevreul, as is proved by the application of it in connexion with 
the restoration of stained windows existing in a well known church in 
Paris--that from which the tocsin of St. Bartholomew was sounded-- 
"S t .  Germain des l:'r~s." The process devised by M. Chevreul is 
highly practical. It consists in removing the stained glass from the 
Windows, and dipping it for several days, first, in a weak solution of 
carbonate of soda of a specific gravity of 1"068, then washing it, and 
dipping it for several hours in a solution of muriatic acid of a specific 
gravity of 1"080. On the glass being washed and dried, it will be 
found as brilliant and beautiful as when it came from the hand of the 
manufacturer. M. Chevreul has found that the dim and dirty ap- 
pearance which stained glass assumes by time is due, especially in 
large towns, to the various products of smoke being first condensed 
on the glass by fog and rain, and then becoming oxydized they act 
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as a cement to various mineral matters, such as chalk, gypsum, oxide 
of iron, &c., which help to impoverish the transparency of the glass. 
The alkali acts upon the organic matter and dissolves it, while the mu- 
riatic acid removes the minerals. The durability of glass placed 
in our monuments is extraordinary, when we bear in mind the curious 
results published some years since by the eminent chemist, Pelouze, 
who observed that when window, bottle, and other varieties of glass 
were reduced to a fine powder, and mixed with water, they were soon 
acted on, yielding a large quantity of silicate of soda to that fluid, 
amounting in several cases to eight or ten per cent. in cold water, and. 
even to thirty-six per cent. when the finely pulverized glass was boiled 
in water; and that, in many cases, it was a definite compound which 
was dissolved from the glass, namely, a silicate of soda, composed of 
three equivalents of silica and two equivalents of soda. M. Pelouze 
explains the extraordinary difference in the effect which water pro- 
daces on glass when in large masses of plates, as compared with its 
influence on the same substance when reduced into a fine state of pow- 
der, by assuming that, in the first instance, water does not act because 
it seldom remains sufficiently long in contact with the glass to act upon 
the elements which compose it ; while, in the second case, there exist 
numerous points of contact between the fluid and the solid body, thus 
facilitating the action of the fluid on the solid material. I am inclined 
to think that the peculiar molecular condition the surface of glass as- 
sumes, when manufactured in plates or otherwise, must exercise a great 
influence on the property which glass has to resist the action of water. 
I f  it were not so, how could be explained the limited action which 
watery fields, such as wine, cause upon the interior surface of a bottle, 
though they remain in contact for many years ? I can conceive glass 
assuming a peculiar surface by the pressure of the atmosphere, there- 
by producing a homogeneous one susceptible of resisting the action of 
water. A similar instance occurs in the case of polished steel, or of 
the rolled surface of wrought iron, or the skin of cast iron, which re- 
sist the chemical action of either air or acids in a far greater degree 
than does the interior of the substances which compose those metallic 
bodies. 

Whilst dwelling upon old materials, you will allow me to give you 
an outline of a process devised by M. Stahl, for the preservation of 
antidiluvian fossils. We are aware how interesting it is to preserve 
relics of past ages, giving us some of the conditions of the world at 
various periods. Those relics are exceedingly fragile, and after many 
ehmsy attempts M. Stahl arrived at his discovery. I f  the fossil is 
compact and comparatively firm, it is saturated by means of a brush 
with melted spermaceti, but if it is friable, it is necessary to employ 
a melted mass composed of four parts of spermaceti and one of colo- 
phany resin, which in cooling gives great solidity to the mass of the 
fossil. 

I would, in conclusion, draw the special attention of all artists who 
take an interest in decorative art to the interesting papers published 
recently by M. Onfroy on the one hand, and M. Wiel, of Paris, on 
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the other; the first being in the Technologiste of last year, the latter 
in the Annales de Ghimie et de _Physique, on their respective methods 
for  cover ing a meta l  with ano the r  more valuable  by i ts  p rope r t i e s  or  
precious by  i ts  qual i t ies .  These  methods  have a special  r e fe rence  to 
eas t  i ron or wrought  iron. I n  Par i s ,  these processes,  which may  be 
r ega rded  as not  only  o rnamen ta l  but  useful, have been app l ied  with  
g r e a t  success. Thus,  for example ,  ins tead  of the d i r ty ,  p i t c h y  b lack  
lamp-pos ts  which o r n a m e n t  our Eng l i sh  towns, there  can be seen in 
P a r i s  e legan t  well des igned b ron te - l ike  posts,  which are  p leas ing  to 
the  eye.  The  same can be said of the  founta ins  on the  Bou leva rd  
Sabas topool ,  the  P l ace  de la  Coneorde,  and m a n y  o ther  publ ic  pro-  
menades  in  Par i s ,  which exci te  the admira t ion  of fore igners  v i s i t ing  
¢hat c i ty .  

(To be continued.) 

On the Tenacity of some Fibrous S~tbstances. By PR01~SS0R W. J. 
MACQUORI~ RAI~I(IXE, C.E., L.L.D., &c. 

Read before the Institution of :Engineers in Scotland. 
From the London Mechanics' Magazine, January~ 1866. 

In order to compare the tenacity of a substance with its heaviness, 
the load required to tear a given bar, strip, or cord asunder is to be 
multiplied by the length of so much of the same bar, strip, or cord as 
weighs an unit of load ; the product being the tenacity of the material 
expressed in units of its own length. The following examples are 
taken from ordinary tables of the heaviness and tenacity of materials : 

~ATERIAL. 

Cast steel bar, . 
Charcoal iron wire, 
Iron wire rope, . 
Iron bar, strong, . 
Boiler plate, strong, 
Teak wood, . . 
Deal, . . . 
Hempen rope, hawser-laid~ 
Hempen rope, cable-laid, 

Dimensions. 

1 in. X1 in. 
area 1 sq. in. 
girth 1.27 in. 
1 in.X 1 in. 
area 1 sq. in. 
1 in. X1 in. 
1 in. X l  in. 
girth 1 in. 

I girth 10 ins. 
L 

.,~,..~ 

~ 2  

30,000 
O0,OCO 
4,480 

30,000 
50,000 
15,000 
i2,000 
1,050 

37,200 

0"297 
0.3 
0.6 
0.8 
0.8 
3.0 
4.0 

26 0 
0.279 

.~.~,_: 

• ~ o ~  

88,610 
80,0C0 
26,880 
18,(;00 
15,000 
45,C00 
48,G00 
27,800 
18,750 

It would be easy to multiply examples such as the preceding. If 
the game method be applied to the weights and tearing loads of can- 
vas, as given in Mr. Carmichael's paper on that subject, the following 
are the results: 

Tenacity of warp in lineal feet of canvas, 
Tenacity of weft in lineal feet of canvas, • 
Mean tenacity of the flaxen yarn in lineal feet of" 

itself, being the sum of the tenaeities of the 
warp and weft, 

Royal Navy Canvas. 
Mean of Nos. Mean of Nes. 
1, 2, 3, 4, 5, 6. 7 and 8. 

21,552 27,200 
30,788 32,000 

52,340 59,200 


